Structural basis of the multispecificity demonstrated by 17beta-hydroxysteroid dehydrogenase types 1 and 5.
17Beta-hydroxysteroid dehydrogenases/ketosteroid reductases (17beta-HSDs/KSRs) catalyze the last step of sex steroid synthesis or the first step of their degradation, and are thus critical for many physiological processes. The multispecificity demonstrated by 17beta-HSDs is important for steroid metabolism in gonadal and peripheral tissues, and is a consequence of the architecture of their binding and catalytic sites. Structurally, most of the family members are short chain dehydrogenase-reductases (SDRs) except the type 5 enzyme, which is an aldo-keto reductase (AKR). 17Beta-HSD type 1, a representative of the SDR family, has been studied extensively since the 1950s. However, its structure was not determined until the 1990s. It has always been considered as estrogen specific, in accord with the narrow binding tunnel that has been structurally determined and has been found to be complementary to estrogens. A recent study revealed that, in spite of the enzyme's narrow binding tunnel, the pseudo-symmetry of C19 steroids leads to its alternative binding, resulting in the multispecificity of the enzyme. Expressed in ovary, breast and placenta, the enzyme catalyzes the formation of another estrogen A-diol from DHEA in addition to the biosynthesis of estradiol; it also inactivates the most active androgen DHT by both 17beta-hydroxysteroid oxidation and 3-ketosteroid reduction. Type 5 17beta-HSD (AKR1C3) differs significantly from the type 1 enzyme by possessing a spacious and flexible steroid-binding site. This is estimated to be about 960 or 470 A3 in ternary complex with testosterone or 4-dione, respectively, whereas the binding site volume of 17beta-HSD1 is only about 340 A3. This characteristic of the 17beta-HSD5 binding site permits the docking of various steroids in different orientations, which encompasses a wider range of activities from 20alpha-, 17beta- and 3alpha-HSD/KSR to prostaglandin 11-ketoreductase. The in vitro activities of the enzyme are significantly lower than the type 1 enzyme. In the ternary complex with testosterone, the steroid C3-C17 position is quasi-reversed as compared to the complex with 4-dione. The multi-specificity contributes significantly to steroid metabolism in peripheral tissues, due to the high levels of 17beta-HSD5 mRNA in both breast and prostate tissues.